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(57) Abstract 



A removable multi-well chamber device (2000) for incubation of cultured cells with small volumes having a first member 
(2320) with a planar surface and regularly spaced openings. A second member (1400) with first and second surfaces and having 
regularly spaced openings therethrough and is mountable to the first member (2320) so that the openings in the first (2320) and 
second (1400) members are in registration. The second member (1400) can be moved into and out of sealing contact with a culture 
surface (1100) so as to defme multiple isolated wells for receiving samples. Two embodiments of the device (2000) are shown 
along with a method for detecting the presence of an antibody to a cell component disposed in one or more of the isolated wells. 



s 



FOR THE PURPOSES OF INFORMATION ONLY 

Codes used to identify States party to the PCTon the front pages of pamphlets publishing international 
applications under the PCT. 



At 


Austna 


ES 


Spain . . 


MG 


Madagascar 


AU 


Australia 


PI 


Finland 


ML 


Mali 


BB 

<B 


Barbados 
Belgium ' 


FR 
CA 


France 
Gabon 


MN 
MR 


Mongolia 
Mauritania . 


BF 


Burkina R8S6 . 


CB 


United Kingdom 


MW 


Malawi 


BG 


Bulgaria 


GN 


Guinea 


NL 


Mctherlands ' 


BJ 


Benin 


CR. 


Greece' 


NO 


Norway 


BR 


Brazil 


HU 


Hungary 


. PL 


Poland 


CA 


Canada 


IT 


Italy 


RO 


Romania 


CF 


Central African Republic 


JP 


Japan 


SD 


' Sudan ■ 


CG 


Conga 


KP 


Ocmocraiic People*) Republic 


SB 


Sweden 


CH 


SwiueerlamI 




of Korea 


SN 


Senegal 


CI 


Cote d*l voire 


KR 


Rcput)lic or Korea ' 


SU 


Soviet Union 


CM 


C^crooa 


Li . 


Liechtenstein 


TD 


Chad . 


CS 


Occhoslovakia 


LK ■ 


Sri Lanka 


tc 


Togo 


DE 


Gerinaay 


LU 


Luxembourg 


US 


United States of America 


DK 


Denmark 


MC 


Monaco 







wo 91/09970 



PCT/US90/07545 



- t - 

TITLE OF THE INVEHTIOM 



A REMOVABLE HULTI-WELL CHAMBER DEVICE AND METHOD FOR 
INCUBATION OF CULTURED CELLS WITH SHALL VOLUMES 



1. Field of the Invention 

The present invention relates generally to devices having 
inuTtiple isolated wells for microscopy* based immunoassays and 
its use for detecting antibody binding to cultured cells. The 
present invention also relates to methods of using such 
multiple well devices for screening biological fluids such as 
hybridoma supematants for the detection of cell-binding 
substances such as monoclonal antibodies. 

2. Background 

Immunofluorescehce microscopy is a powerful technique for 
detecting the location of surface and intracellular antigens 
in individual cells. However, using standard methods, the 
processing of large numbers of samples for immunofluorescence 
is cumbersome and difficult. 

Light microscopic imrnunocytochemistry has unique ad- 
vantages for the detection of antibodies which hind to various 
cellular components. The ability to' see a large number of 
cells simultaneously, to determine if an antibody reacts 
similarly with all cells in a sample and to discern to which 
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cellular components (e.g. organelles) the antibody binds, 
allows a large amount of information about antigen presence 
and localization to be acquired in a very short time using 
relatively few cells. 

Different optical techniques can be used for light 
microscopic rraraunocytocheraistry. Images may be detected by 
refraction, as in the detection of reaction product using 
immunoperoxidase methods. Objects may also be detected by 
their emission of light resulting in an image forme-tf by 
refraction of the. emitted light. Immunofluorescence, is such a. 
" 1 ight emission method. ^ immunofluorescence detection is 
analogous to the detection of an object as a point source of 
light, such as in the visualization of individual stars in the 
night sKy. Accordingly, objects as small as individual virus 
particles labeled with fluorescent dyes can easily be detect- 
ed. . ' . 

Immunofluorescence is an excellent screening method for 
selection of individual hybridoma clones when searching for 
inonoclonal antibodies that react With particular coraporients of 
cultured cells. Homogeneity of antigen distribution in a 
large cell population can, be quitkly assessed. The presence 
of antigen on substratum components, extracellular matrix 
elements, cell types of different shape, and on various 
organelles can be evaluated in a single Image. This approach 
is especially useful for cell surface antigens which can be 
examined directly on living cells. 

Unfortunately, current Immunofluorescence processing 
methods are cumbersome and highly impractical for the primary 
screening of large numbers of small volume (<100 microliters) 
supernatant samples. • this is specially true If short working 
•distance micmcope objectives of high resolution and sensi-. 
tfvity are required. ' "^^ . 

One known device used for preparing and testing large 
numbers of culture samples for testing is the raicrotlter tray, 
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which is well known in the art. Mi crotiter trays can have 
varying numbers of wells, typically 96 in an 8 x 12 array- A 
well is an individual chamber in which cells can te grown and 
an individual assay sample tested.' The contents of each well 
S are isolated from neighboring weTls, allowing simultaneously 

tiesting of multiple siaraples (for example, 96 on one triay) with 
fto cross-cdntanination. The lack of cross-examination Is a 
major advantage of preparing multiple culture samples in a 

mi crotiter tfsiy. ^ . 

lO- . Mlc^-otitef !trayf, howgverv.have. sigjiificaiyt disa^^ya 

when microscopic examination- of cells 1$ desired. Specifi- 
cally, the small diameter (typically about 6 mm) of each Well 
does not permit insertion of the typical large diaraeteif' 
microscope objectives {approximately 30 mm) for close examina-s^ 

15 tibn. Accordingly, images of high resolution^ and high 

sensitivity are difficult, if not impossible to achieve. In 
addition, cells must be planted with a sterile technique in 
each well individually; all washes and additions must involve 
transfer with each well, requiring the use of multiple pipette 

20 tips and large amounts of manual manipulation. 

To avoid these limitations, cells are sometimies prepared 
on a flat slide or on a culture dish (typically 60, 100, or 
150 nnn in diameter). Flat microscope slides are known in the 
art. Slides have been modified by the use of a mask template 

25 to produce several (for example, 8) separate circular islands. 

A culture sample is placed on each island. In this configura- 
tion, large diameter microscope objectives can be brought to 
within short working distances, yielding images of high 
resolution and sensitivity. Such slides, however, also have 

30 distinct disadvantages. For example, preisaring multiple 

culture samples on one flat slide increases the likelihood of 
cross-contamination. Each slide must be individually proces- 
sed and includes a maximum of only 8 wells. Prior to incuba- 
tion, cells or molecules from one sample may migrate to an 
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adjacent Sample, In addition, for high resolution, immersion 
optics must be used and this requires the additional step of 
placing a thin, fragile cover^lass over the slide. Further- 
more, glass slides are a poorer substrate for attachment of 
5 cultured cells than plastic tissue culture plates. ; 

Another conventional device that has been used to prepare 
culture samples for microscopic examination Is a chamber 
slide. A typical chamber slide consists of 2 to 16 Individual 
wells attached to a flat slide. The wells can be substantial - 
. ; .1/ . **emoved from flat slide. . . Breaking .of the , well, . . ^ 

however, leaves a significant rira around the sample island. 
In addition, once the wells are broken off from the flat 
slide, they cannot be replaced thereon. Each well is isolated 
from the others. 

15 A chamber slide has similar disadvantages to the microti - 

ter tray in not allowing microscope objectives to approach the 
surface on which the cells adhere without removal of the 
wells. In addition, the more common chamber sli<]es of ?-4 
chambers are designed for relatively large volumes knd small 

20 numbers of culture samples. Moreover, because breaking off 

the wells result in a rim surrounding each island a closely 
positioned microscope objective cannot be smoothly moved along 
the flat plate surface, which could severely limit the use of 
these chambers for automated examination using a motorized 

15 computer-controlled mechanical stage. Therefore, preparing a 

large number of small volume culture samples on a chamber 
slide is impractical. In addition, similar to the template 
slides described above, chamber slides require the addition of 
a covers! ip for high resolution observation. Likewise, cells 

10 must be planted in each well separately using sterile techni- 

que. Moreover, prior to removing the wells, each wash 
procedure usually requires the pipetting of solution in each 
well. 

Accordingly, one objective of the inventors was to 
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develop a device wherein a large number of culture samples 
could be rapidly prepared without cross-examination^ Another 
objective of the inventors was to develop a device wherein a 
large number of culture samples could be rapidly tested using 
5 high powered microscopes with short working distance objec^ 

tives* The inventors have achieved these objectives by 
developing an apparatus that, inter alia , combines the 
advantage of preparing large numbers of culture samples in a 
microtiter tray with the advantage of analyzing^ cuTture 
Jp. samples on a fist disJi* . 



SUMMARY OF THE INVEWriON 

The present invention is a removable multi-well chamber 
device having a first member with a substantially rigid planar 
surface, with a pliirality of regularly spaced openings 

15 therethrough. It also has a second member having first and 

second substantially parallel elastomeric surfaces. The 
second member also has a plurality of regularly spaced 
openings therethrough extending between its first arid second 
parallel surfaces. The first surface of the second member is 

20 mountable to the planar surface of the first member, such that 

the openings in the first and second members are in registra- 
tion. The present invention also has means for moving the 
second surface of the second member into and out of sealing 
. contact with a culture surface, thereby defining multiple 

25 isolated wells for receiving test samples. 

These multiple isolated wells can be easily removed after 
incubation. The device of the present invention allows the 
rapid and convenient processing of many test samples. 
Moreover, the device allows each culture sample to be examined 

30 using a short working distance, high numerical aperture oil or 

glycerol -immersion objective for maximum sensitivity aiid 
resolution. This device makes immunofluorescence a practical 
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method for the primary screening of hybridoma clones. 

The present invention also includes a method for detect- 
ing the presence of antibodies to cell components using the 
device of the present invention. The method includes prepar- 
5 ing a culture dish with a cell sample. The method also 

includes placing and securing-the culture dish in the present 
invention, and then activating the means for moving the second 
surface of the second member into and out of sealing contact 
with the culture surface, thereby defining multiple isolated 
10 wells for receiving test samples. The method further includes. . . ... 

' steps for reradvihg the multiple wells from the culture dish, 

and performing subsequent testing oh an open culture dish. 

BRIEF DESCRTPTIOW OF TUF npflUTMcc 



15 



Various objects, features and attendant advantages of the 
present invention will be more carefully appreciated as the 
same becomes better understood from the following detailed 
description of the present invention- The detail description 
makes reference to the accompanying drawings, in which: 

Figure 1 is an exploded view of the conceptual embodiment 
20 of the present invention, which shows the various major 

elements which make up the embodiment; 

Figure 2(a) is a cross-sectional view of the conceptual 
embodiment of Figure 1, which includes a blown-up portion 
illustrating in enhanced detail the sealing contact area; 

Figure 2(b) is a portion of the cross-sectional view of 
Figure 2(a) showing three well chambers with cultured cells 
and antibody solution therein; 

Figure 3(a) is a top plan view of the upper plate 
assembled to the well plate assembly of the conceptual 
30 embodiment of Figure 1; 

Figure 3(b) is a cross-sectional view of the upper plate 
assembled to the well plate assembly taken along section A-A 
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of Figure 3(a); 

Figure 4(a) is a top plan view of the upper plate of the 
conceptual embodiment of Figure 1; 

Figure 4(b) is a cross-sectional view of the upper plate 
5 taken along isettion B-B of Figure 4(a) 

. Figure 5(a) is a top plan view of the well plate aissembly 
of the conceptual embodiinent of Figure 1; 

Figure 5(b} i$ a cross-sectiojial vievir of the well plate 
assembly taken along section C*C of Figure 5(b>; 
JQ . Figure, .§(a) is top pl an view, of the -^seal ing member of 

the conceptual embodiinent of Figiire I; 

Figure 6(b) is a cross sectional view of the sealing 
member taken along section D-D of Figure 6(a); ^ 

Figure 7(a) is a perspective view of the lower plate 
15 assembly of the conceptual embodiment of Figure 1; . 

Figure 7(b) is a cross-sectional view of the lower plate 
assembly taken along section E-E of Figure 7(a); 

Figure 8 is a flow chart indicating a method for 
screening surface antigens using the device of the present 
20 invention; 

Figure 9 is a perspective view of the commercial embodi- 
ment of the present invention, which shows the various major 
elements of the embodiment; 

Figure 10 is a cross-sectional view of a fully engaged 
25 commercial embodiment of the present invention; 

Figure 11 is a plan view of the base plate assembly of 
the commercial embodiment of Figure 9; 

Figure 12(a) is a partially cut-away perspective view of 
the pivoting bucket feature of the commercial embodiment of 
30 Figure 9; 

Figure 12(b) is a partially cut-away perspective view of 
the sealing member assembled to the pivoting bucket; 

Figure 13 is a top plan view ^f the top plate of the 
commercial embodiment of Figure 9; and 
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Figure 14 is a top view of the clamping screw of the 
connnercial embodiment of Figure 9. 

DETAILED DESCRIPTION OF THE PREFERRED EHBODIMFNTS 

The conceptual embodiment 1000 and the comnercial 
embodiment 2000 of the removable multi-well chamber device of 
the present invention will be described in reference M:o a 
method for preparing cells samples and analyzing multiple test^ 
samples af small volume. As will be appreciated by those 
skilled in the art of immunoassay, fluorescence microscopy, 
and cell culture, the removable multi-well chamber device of 
the present invention has many applications and provides 
advantages heretofore unavailable in convention laboratory 
devices. 

Referring first to Figure U shown is an exploded view of 
conceptual embodiment 1000 of the present invention. The 
conceptual embodiment 1000 comprises a culture dish 1100, an 
upper plate 1200, a well plate assembly 1300, a sealing member 
1400, a lower plate assembly 1500 and wing nuts 1600. A 
cross-sectional view of the conceptual embodiment 1000 is 
shown in Figure 2(a) and 2(b). 

Figure 3(a) shows a top plan vieW of upper plate 1200 
assembled to well plate assembly 130i3, Figure 3(b) shows a 
cross-sectional view of Figure 3(a). As shown, upper plate 
1200 and well plate assembly 1300 are generally secured by two 
screws 1270. 

Figure 4(a) depicts a top plan view of upper plate 1200. 
As shown, upper plate 1200 is formed with a large circular 
opening 1220 and 2 counterbored thru-holes 1260.. As can be 
seen from Figure 3(a) and 3(b), counterbored thru-holes 1260 
and circular opening 1220 are provided so as to removably 
secure and provide access to well plate assembly 1300. Upper 
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plate 1200 also has 4 thru-holes 1240. As can best be seen 
from Figure 1, each thru-hole 1240 is adapted to receive a 
mounting post 1580 (to be <lescribed) therein. A wing nut 1600 
is then fastened to each mounting post 1580 so that upper 
plate 1200 can' be securely ^engaged with lower plate assembly :. 
1500. In the concieptual embodiment, upper plate 1200 is made 
from plexiglass and formed by conventional machining proces- 
ses. Upper plate 1200i however, can be made from a variety of 
materials and fabricated by a number of processes. 

figure .5(a). shows a top plan view of well xpl ate assembly ^ 
1300, Well plate assembly 1300 comprises an upper well plate 
member 1320 and a 1ow6r well plite member 1340. Both upper 
well plate member 1320 and lower well plate member 1340 have a 
circular shaped exterior. Lower well plate member 1340 has a 
plurality of regularly spaced well openings 1342, which can, 
but is not limited to being, configured in an industry 
standard 6 x 10 array. Well openings 1342 are marked to 
indicate the row and column. Lower well plate 1340 is also 
formed to have an upper rigid planar surface 1344 and a lower 
Hgid planar surface 1346. Lower well plate 1340 also has 4 
threaded holes 1348 formed therein and positioned 90 degrees 
apart. In contrast, upper well plate 1320 is substantially 
recessed and has a top annular surface 1322 and a lower 
annular surface 1324. Upper well plate 1320 has 4 counter- 
bored thru-holes 1326 formed from top surface 1322. As shown 
in Figure 5(b), a screw 1360 is inserted into thru-holes 1326 
and threaded into threaded holes 1348 so that lower well plate 
1320 can be fastened to upper well plate 1340. 

Upper well plate 1320 also has 2 threaded holes 1348i As 
best shown by Figures 3(a) and 3(b), a screw 1280 is inserted 
into thru-hole 1260 of upper plate 1200 and threaded into each 
threaded hole 1328 of upper well plate 1320. This allows 
upper plate 1200 to be- securely fastened to well plate- 
assembly 1300. As best shown by Figure 2<b), lower rigid 
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planar surface 1346 provides a mounting and. sealing contact 
surface for sealing member 1400^ 

In the conceptual embodiment, well plate assembly 1300 is 
made from plexig lass and formed by conventional machining 
5 processes. Well plate assembly 1300, however, can be made 

from a variety of materials and fabricated by a number of 
processes. 

Referring next to Figure 6(a), shown is a top plan view 
of sealing member 1400. As shown, sealing member 1400;- can 

10. be, but is not limited to, a circular shape. . Sealing merabfer 

1400 has a plurality of openings 1420 of the substantially the 
same diameter ajnd configuration of well openings 1342 of well 
plate assembly 1300. As shown in Figure 6(b), sealing member 
1400 is formed to have a first elastomer ic surface 1440 and a 

15 second elastbmeric surface 1460. As best shown by Figure 

2(b), once engaged, el as tomer i c: surfaces 1440 and 1460 are in 
sealing contact with lower rigid planar surface 1346 of well 
plate assembly 1300 and culture dish surface 1120 respective- 
ly. It is very important that the pattern of well openings 

20 1342 of well plate assembly 1300 are in registration with 

openings 1420 of sealing member 1400. As shown in Figure 
2(b), proper registration of openings 1342 and 1420 will 
create a cylindrical well 1140 on culture dish surface 1120, 
In the conceptual embodiment 1000, sealing member 1400 

25 is removably secured to lower rigid planar surface 1346 of 

well plate assembly 1300 by vacuum grease. Care must be taken 
not to get the grease into the well openings 1342. In the 
conceptual embodiment, seal ing member 1400 is made from, but 
not limited to \sTTTco n^Tu^ 

30 Figure 7(a) shows a perspective view of lower plate 

assembly 1500. Lower plate assembly 1500 comprises ^ lower 
plate 1520, a plurality of movable clamp assemblies 1540^ a 
plurality of fixed clamp blocks 15(50, 4 threaded mounting 
posts 1570, and a spacing member 1580. Figure 7(b) shows 
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cross-sectional vievr of lower plate assembly ^1500. 

Lower plate 1520 is formed with a recess 1522 adapted to 
receive plastic dish 1100. As shown in Figure 7(b), a spacing 
member 1580 Is provided so that culture dish 110- will lie 
5 flat on recess are 1522. In the conceptual embodlmentil':; 

spacing m»nber 1580 is made from, but not limited to, siliconr?;':: 
rubber. Lower plate 1520 also has: four thru-holes 1524." Thruf^U^ i 
holes 1524 are each adapted to receive a nounting post 1570^ 
Mounting post 1570 is secured to lower plate 1520 by nut 1585- 

10 fastened. from the bottom .side of lower plate; 1520.. Nuts 1585 h 

also act as feet for conceptual embodiment liQ'OD. Lower plate 
1520 can be made from, but is not limited to, aluminum or 
stainless steel.; 

As shown in Figures 1 and 7(a), movable clamp asserablies 

15 1540 are positioned approximately. 90 degrees apart and. . 

opposite fixed clamp blocks 1560. Movable clarap assemblies 
1540 are designed such as to force culture dish 1100 against 
fixed clamp blocks 1560. This configuration securely fixes 
culture dish 1100 in lower plate assembly 1500. Fixed clarap 

20 block 1560 Is designed to smoothly fit the exterior of culture 

dish 1100. Although not shown, fixed block clarap 1560 may 
have a silicon rubber secured thereon so as to enhance contact 
with culture dish 1100. Fixed block clamp is secured to lower 
plate 152g by conventional fastening configurations such as a 

25 threaded hole and screw. Movable clanp assembly 1540 comprises 

a fixed member 1542, a free member 1544 and a drive screw 
1546. Fixed member 1544 is attached to lower plate 1520 by 
similar, conventional configurations. In this conceptual 
embodiment* drive screw 1546 is threaded into fixed member 

30 1542. When engaged, drive screw 1546 extends free member 1544 

away from fixed member 1542 thereby exerting a force on 
culture dish 1100. Although not shown, free member 1544 may 
have a strip of silicon rubber applied thereon so as to 
enhance contact with culture dish llOO. 
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The following ts a description of the general operation 
of the conceptional embodiment of the present Invention. 

In operation, culture dish 1100 with culture samples 
grown on culture surface 1120 is placied in recess 1522 of 
5 lower plate assembly 1520. Culture dish 1100 is then secured 

in position by tightening moveable clamp assemblies 1540. 
This action forces culture dish 1100 against fixed clamp 
blocks 1560. Sealing member 1400 is then secured to rigid 
planar surface 1346 of well plate assembly 1300. Well^late.. 
10 - . . assembly 1300 . i§ then secured to upper pi ate; 1200 . by . screws .-r ; . 
1270. Thereafter, the upper plate i200/well plate assembly 
1300/sealing member 1400 combination is engaged with lower 
plate assembly 1500 so that second el astomeric surface 1460 of 
sealing member 1400 is in sealing contact with culture dish 
15 sanfaee 1120. Wing nuts 1600 are then fastened to threaded 

posts 1570 of lower assembly 1500 so as to provide secured 
engagement and contact pressure. Increased contact pressure 
assures that each well is isolated and that no gaps exist 
between wells. Furthermore, sealing member 1400, which , is 
20 made from an el astomeric material, acts as a flexible sealing 

gasket. As such, any physical irregularities on culture dish 
surface 1100 or on rigid- planar surface 1346 of lower well 
plat6 1340 will not affect isolation between the wells. Thus, 
when assembled, the device of the present invention creates 64 
25 separate wells on culture dish surface 1120 in a configuration 

identical to a portion of a standard 96-wen plate (9 mm 
between centers). Following the necessary incubation step or 
steps, the device can then be disengaged. Culture dish 1100 
can then be removed- Culture dish 1100 is now an "open dish" 
30 with individual islands of cells not obstructed by well 

chambers or any other material. The position of the islands 
of cells corresponding to each well is established using a 
template (not shown). The template is fastened to the outside 
of the bottom of the culture dish 1100 and is configured in. 
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the same pattern as the chamber wells- 

The major advantage of the above inventive concept is 
that a culture dish can be quickly disassembled leaving 
islands 4if cells directly accessible. This allows examination 
5 from the top of the dish with short working distance micro- 

scope objectives. Unlike 55-well microti ter trays, the 
optical path to the cells is not restricted and large diameter 
objective lenses can be used with an upright microscope. In 
addition, a closely positioned microscope objective can be 
10 . . smoothly moved along a culture dish duHiig scanning. : 

The following Is the a method of using the removable 
multi-well device in the context of screening hybridoroas 
growing in 96 well microti ter trays for antibodies that bind 
to surface antigens of living cells. A flow-chart summary of 
15 the protocol sequence Is shown In Figure 8. 

Step 1 ; Cells are plated in 150 mm dishes the day before 
they are used for assay. Some cell types are relatively 
poorly adherent to the plastic surface, and the addition of 
solutions to the small wells in the assembled chamber creates 
20 strong currents which can dislodge poorly adhering cells. For 

this reason, the inventors routinely use dishes that have been 
coated with Cell-Tak^'^ (Biopolymers; Coll aborative Research) 
prior to plating the cells. Cell-Tak™ is applied to the area 
of the 150 mm dish that will form the bottom of the wells when 
25 the chamber is finally assembled. The cells are then plated 

in conventional culture medium, and assays are performed 
within 1-3 days. 

For screening, one ISO mm culture dish is used with one 
chamber device creating 64 wells per dish. Thus, for a 
30 hybridoma fusion in which fused cells have been plated in 600 

microti ter tray wells, 10 culture dish are used. With some 
practice, 5-6 chambers can be handled at one time by one 
person, requiring about three hours for processing. There- 
fore, a 600-W611 fusion can be screened in one day, half in 
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the morning and. half in. the afternoon. 

The chamber device of this Invention can be used for 
incubations with living cells, or can be used aftier cells, are 
fixed and permeabilized. Although designed to be used with 
5 adherent cells, the device can also be used with cells in > 

suspension by causing their attachment to the dish using Cell- 
Tak^ or poly-L-lysine, both methods of which are known in the 
.art. 

Step 2 : The cells are washed free of their medium and 
JO cooled to. about 4*C (to .prevent . endocytpsls of bou^id ..anti- 

bodies) by addition of chilled phosphate- buffered saline with 
Ca++ and Mg++, containing 2 mg/ral crystalline bovine serum 
albumin (Miles) (PBS-BSA). 

Step 3 i The removable multi-well chamber device is 
15 assembled with culture dish 1100, The lower plate 1520 is 

kept resting on wet ice. The cells are never allowed to dry 
during all the manipulations. 

Step 4 : Culture supernatants being tested are added to 
the wells of the device. The PBS-BSA in each row of wells^ is 
20 removed by a multiple channel suction manifold (Inticorp) 

leaving a minimal volume of PBS-BSA at the bottom to keep the 
cells from drying out. Then 100-200 microliters of supernata- 
nts are transferred from the 96-well microtiter tray in which 
the hybridomas are cultured using a multiple channel micrb- 
25 pipettor (Flow Labs), This operation is performed row by row 

(or column by column), so that there is no risk of wells 
drying out* The cells are allowed to incubate for about 60 
minutes with the hybridoraa supernatants at about 4*C. 

Step 5 : After the incubation with the supernatants, the 
30 individual fluids are ' removed and the wells washed to prevent 

mixing of supernatants between wells. This can be accom- 
plished jn the same way ais the addition of supernatants in the 
previous step using a suction multiple channel suction 
manifold, and a micropipettor for the addition of wash buffer. 
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If one wishes to save the supernatants, they would be removed 
by micropipettor and replaced with PBS-BSA. After removal of 
test supernatants (or prior to this step if the supernatants 
are not to be saved), the wells can be washed simply by 
5 ; inverting the chamber. Any solution adhering to the surface 
of the top of the chamber falls out when the chamber is 
■y inverted, but the solutions in the wells do not because of the 
small size of the wells and the surface tension of the aqueous 
solutions. However^ if the chamber is vigorously shaken^once, 
10 . . the, fluid... contents .of each well spills oqt, ..without mixing 
/ with adjacent wells. It is then important to add rapidly wash 
solution to the wells so that they will not dry. Once the 
■ ' chamber n turned upright, it can be "flooded" with PBS-BSA 
over its top,' shaken gently, and the wells will simultaneously 
15 fill with buffer. The inversion and shakiJig can then be 

repeated, and the washing is completed in one or two minutes 
by repeating the pouring* inversion and shaking sequence. 

Steo 6 : The removable multi-well chamber device is then 
disassembled, taking care to avoid drying of the cells. The 
20 culture dish 100 is removed. 

Step 7 : The "second step" reagent is now added to the 
dish in "bulk" as a large volume incubation. For example, in 
screening mouse hybridoraas, we use affinity-purified goat 
anti-mouse IgG (H+L) conjugated to : rhodamine (Jackson 
25 ImmunoResearch) at 50 ug/ml in PBS-BSA. After a 30-min 

incubation at about 4*C, the dishes are washed with cold PBS- 
BSA, then with PBS at room temperature and the rhodamine 
labeled cells are then fixed in 3.7% formaldehyde in PBS for 
15 rain at room temperature. This preserves the cells and 
30 fixes the antibody label in place. 

Step 8 : The culture dish containing the stained fixed 

cells is washed again with PBS. 

Step 9 : The culture d.lsh is then filled with glycerol .to , 
create a 1-2 mm thick layer. Once the cells are fixed and 
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immersed in glycerol, the dishes can now be examined micro- 
scopically or stored at 4*C in the dark for weeks prior to 
rolcroscoptc examination. 

Step 10; A circulate template made from thin celluloid 
5 punched In the pattern of the wells, and labeled with the 

numbers of the rows, is attached to the bottom of the outside 
of the disk using double-sticKy tape. A tape tab on one side 
allows the template to be easily removed and transferred to 
other plates for viewing on the microscope. drientatit)n .of 
^® : . template is accomplished by marking, a; single, tine, on the. - ;. 

outside of the dish at the top of the pattern when it is 
assembled in the chamber, then aligning this mark in position 
with the template when it is attached with double-sticky tape. 
The .sample template can be used over and over. Of course, 
15 . each chamber is completely reusable. 

Step 11: The culture dish containing fixed, stained 
cells is viewed undisr a fluorescence microscope. The 
microscope we haVe used for viewing is a Zeiss standard 
research microscope equipped with rhodamine epifluorescence 
20 optics, a substage phase contrast condenser, and a larger- 

than-normal flat stage plate made from one piece of flat 3/16 
inch thick aluminum plate, 7-1/2" square, with a 1" diameter 
- hole In its center. This plate is mounted by two screws In 
the original cjarrler for other mechanical stage holders. This 
25 stage allows the entire dish to be viewed by moving from 

"island to island" (that is, the former location of the 
removable wells) guided by the template pattern. The position . 
of the center of the field can be observed by looking for the 
refraction of the light from the bottom of the plate from the 
JO phase contrast light source when the objective Is moved to the 

side. The mechanical stage controls still function to allow 
fine movement of the field within each well. The objectives 
typically used are Zeiss Planapochromats, 40x, N,A. 1.0 -or 
63x, N.A. 1.4 Oil immersion lenses. While these objectives 
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are designed for use with oil immersion, they provide a very 
clear high resolution image when used with glycerol Immersion. 
Other objectives are available (for example^ lenses With 
correction for glycerol immersion, although their numerical 
apertures are slightly lower. 

The dish is placed on the stage plate and the objective 
is immersed in the glycerol solution. Cells are viewed using 
phase contrast substage illumination. The fluorescence image 
can then be seen by simply blocking the phase contrast Might 
path from below the stage. 

With practice, a 60-well dish can be examined in 15-20 
minutes. Each dish has four additional wells for appropriate 
positive and negative control treatments, which should be 
examined first before viewing the rest of the plate. The 
images detected using this method are of high resolution and 
brightness. 

An alternative approach to manual examination that is 
allowed by this device is the use of an automated computer- 
controlled mechanical stage. The automated computer-con- 
trolled mechanical , stage could be used with or without a 
computer detection system for positive and negative 
, fluorescence signals. - 

OTHER EHBODIHEWTS AMD APPLICATIONS 

1, Other Embodiments: 

The commercial embodiment 2000 of the present Invention 
will now be described. 

Referring next to Figure 9, a perspective view of the 
commercial embodiment 2000 is shown. Commercial embodiment 
2000 generally comprises a culture dish 1100 fastened to a 
base plate assembly 2100. Base plate assembly 2100 is 
rotatably attached to a top plate assembly 2300 fay a hinge 
2200. Once engaged, basie plate assembly 2100 and top plate 
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assembly 2300 are secured by a clamping screw 2400* 

Culture dish 1100 of the conunercial embodiment is a 
standard 150 mm diameter disposable plastic petrl dish. 
Although not clearly shown, standard culture dishes 1100 have 
5 a flanged lip which protrudes outward along its bottom outside 

surface. The effects of this flanged lip, as will be dis- 
cussed^ is accounted for by the present invention: As will be 
obvious to one skilled in the art, many other culture dishes 
could be substituted for the petri dish of the present 
.10 invention- . ' ^ . /, . 

, Base plate assembly 2100 is further described in 
Figure 13. Base plate assembly 2100 comprises generally a 
base plate 2120, a plurality of fixed pins 2140, and a movable 
pin 2160. 7 
.15 Base plate 2120 comprises a recessed area 2122: Recessed 

area. 2122 provides a mounting area for culture dish 1100. 
Recessed area 2122 should be relatively flat and have a clear 
glosis or other mirror like surface. A clear gloss makes it 
easier to view test samples placed in the wells overlying 
20 culture dish 1100. Also provided is a undercut area 2123. As 

discussed, standard culture dishes 1100 have a flanged Tip 
which protrudes outward along its bottom outside edgel 
Undercut area 2123 Is provided so that culture dish 1100 will 
lie flat ori recessed area 2122. Base plate 2120 also com- 
25 prises thru-holes 2124. As can be seen from Figure 9, thru 

holes 2124 receive screws 2500 which correspondingly secure 
• hinge 2200 to b^Se plate assembly 2100. Base plate 2120 
further comprises a threaded hole 2126 for receiving clamping 
screw 2400. Although not shown, base plate 2120 may also 
30 comprise mounting feet attached to its underside surface. 

Although Jn the commercial embodiment of the present 
invention, base plate 2120 comprises thru holes 2124 and 
thread hole 2126, it should be readily apparent that other 
fastening hole designs could be easily employed. - Likewise, 
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base plate 2120, although made from aluminum in the commercial 
embodiment, could be made from a variety of materials. 
Although thermally conductive materials are. preferred, they . 
are not essential. 
5 As discussed above, basse plate assembly 2200 further 

comprises fixed pins 2140. and a mbvable.pin 2160. Fixed pins [ 
2140 and movable pin 2160 act in combination to securely 
fasten culture dish 1100 to recess area 2122. Fixed pins 2140 
and movable pin 2160 are spaced about 120 degrees - from- each 
10 . Mother and. -located on the side/wall of, recess area 2122, 
Movable pin 2160 is screwaW fastened to the side wall of 
recess area; 2122. The rotation of movable pin 2160 causes 
culture dish 1100 to be securely forced against fixed pins 
2140. 

15 It should be obvious to one skilled in the art, however. 

that many other means exist for securely fastening culture 
dish ilOO to base plate 2120. Such other means may include 
adhesive mounting or magnetic coupling. 

As can be seen from Figure 9, top plate assembly 2300 

20 ^generally comprises a pivoting bucket 2320 rotatably attached 
to a top plate 2340 and sealing member 1400. Sealing member 
1400 is substantially the same as that used in the confceptual 

embodiment 1000- 

Figure 12 shows a partial cut-away view of pivoting 

25 bucket 2320. Pivoting bucket 2320 is generally a cylinder 

closed at one end. The closed ends acts as a floor 2322. In 
the commercial embodiment, floor 2322 has a thickness of 
approximately 0.50 inches. Hoor 2332 has a plurality of 
regularly spaced well openings 2324 provided therein. In the 

30 commercial embodiment, well openings 2324 are approximately 6 

mm in diameter and regularly spaced in a 10 x € matrix 
pattern. The size, c<)nfiguration and number of openings 2324 
are dependent, inter alia, on the size of culture dish 1100 
used and the number and volume of culture samples to be 
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tested. Pivoting bucket 2320 also comprises a relatively flat 
and rigid bottom planar surface 2326. 

Pivoting bucket 2320 may further comprise 4 additional 
openings 2327 (not shown) centered over the top row. Addi- 
tional openi^sts 2327 provide wells for use as positive and 
negative controls in the assays. Additional openings 2327 
could also be used for 4 additional sample wells. 

Pivoting bucket 2320 also comprises mounting lugs 2328 
fastened to bottom planar surface 2326. As shown in Figure 
12(b), lugs 2328 are adapted to securely fasten with. jcounter- 
bored thru-holes 1480 of sealing member 1400. Iii the comraer- 
clal embodiment, 5 lugs 2328 are employed and spaced in a 
unique pattern on rigid planar surface 2326. This unique 
pattern ensures that openings 2324 are always properly 
registered with openings 1420 of sealing member 1400. 

Pivoting bucket 2320 also comprises two threaded side 
holes 2329. As shown in Figure 9, threaded holes 2329 receive 
a mounting screw 2330 such as to rotatably, fasten pivoting 
bucket 2320 to top plate 2340. 

Sealing member 1400 is substantially the same configura- 
tion for both the commercial embodiment and the conceptual 
embodiment (previously discussed). Figures 6(a) and 6(b) show 
sealing member 1400 in detail. The only structural difference 
is that for the commercial embodiment, counterbored holes 1480 
are provided. Counterbored holes 1480 are adapted to receive 
arid secure Tug 2328 of well bucket 2322. 

Once the device of the present invention is engaged, 
elastomeric surfaces 1440 and 1460 are in sealing contact with 
rigid planar surface 2326 of pivoting bucket 2320 and culture 
dish 1120 respectively. It is very important that the pattern 
of openings 2324 of pivoting bucket 2320 are in registration 
with the openings •l2i"26 of sealing member 1400. As shown in 
Figure 10, proper registration of openings 2324 and 1420 will 
create a cylindrical well 1140. Cylindrical well 1140 will 
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have a length equal to the combined thicknesses of floor 2322 
and sealing member 1400. Accordingly, 64 separate cylindrical 
wells 1140 have been formed on culture dish surface 1120. 
Sealing contact provides isolation between wells so that no 
5 cross-contamination will occur. In addition, changing the 

thickness of floor 2322 or of sealing member 1400 will .change 
the capacity of each well 1140 accordingly. 

In the commercial embodiment, sealing . member 1400 is 
preferably made from a lower duroraeter elastomeric material. 
10 Having . elastomeric properties ensures a tight se^l vrhich 

completely isolates each well 1140. The elastomeric material 
conforms to any irregularities present on the rigid culture 
dish surface 1120 or on rigid planar surfiace 2326 of pivoting 
bucket 2320. 

15 Top plate 2340 is further described in Figure 13. As 

shown, top plate 2340 comprises an opening 2342. The size of 
opening 2342 corresponds to the size of pivoting bucket 2320 
employed. For example, a larger pivoting bucket 2320 would 
require a larger opening 2342. It can also be seen that 

20 opening 2342 is larger than pivoting bucket 2320. The 

increased opening size 2342 creates a handle 2343 which can be 
used for transporting removable multi-well chamber device of 
the present invention. 

Top plate 2340 further comprises threaded holes 2348- As 

25 shown in Figure 9, threaded holes 2348 receive mounting screws 

2330 such as to rotatably fasten pivoting bucket 2320 to top 
plate 2340. It is important that the threaded holes 2348 be 
positioned properly such that pivoting bucket 2320 can rotate. 
The ability of pivoting bucket 2320 to rotate is important so 

30 that when the top plate assembly 2300 is lowered, rigid planar 

surface 2326 of pivotal bucket 2320 will always remain 
approximately parallel to culture dish surface 1120. This 
will prevent rigid planar surface 2326 of pivotjng bucket 2320 
from scraping culture samples that may already exist on 
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culture dish surface 1120 prior to full engagement of the 
present invention. 

Top plate 2340 also comprises thru-holes 2344. As can be 
$een from Figure 9, thru-holes 2344 receive hinge screws 2500- 
5^1 that fasten top plate 2340 to hinge 2200. Top ^pl ate 2340 
further comprises a thru-hole 2346 for receiving clamping 
screw 2400. 

Top plate 2120 of the commercial embodiment is made from 
aluminum, and shaped in the above described configuration^ Top. 

10. plate 2120, however,,. can l)e made frpm . a variety, of mater i^^ 

and shaped in numerous configurations, fop plate 2120 of the 
commercial embodiment is formed by conventional machining 
processes. Top plate 2120, however, can be formed from a 
variety of processes such as casting. 

15 Figure 14 is a detail view of clamping screw 2400. 

Although not present iri the connnercial embodiment, clamping 
screw 2400 may incorporate a torque overload member. A torque 
overload member would be adapted so as to prevent the threads 
of clamping screw 2400 from stripping in response to an 

20 excessive torque. Clamp screw 2400 is formed to have a handle 

portion 2420 so that quick fastening of ^ the commercial 
embodiment 2000 can be made. Clamp screw 2400 can be made 
from conventional materials such as stainless steel and formed 
by conventional machining procesises. 

25 The following is a genieral description of the operation 

of the commercial embodiment of the present invention. 

A cultUT'e dish 1100 is securely fastened to base plate 
Z120, by tightening movable pin 2160. Top plate assembly 2300 
is then engaged (lowered). When assembled, the device of the 

30 present invention creates 64 separate wells on culture dish 

surface 1100 in a configuration identical to a portion of a 
standard 96-well plate (9 mm between centers). To ensure that 
contents of the wells remain isolated, top plate assembly 2-300 
is pressure-secured to base plate assembly 2100 via clamping 
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screw 2400. This ensOres that no gaps are present between 
wells. Following the necessary incubation step or steps, the 
device can then be disengaged. Culture dish 1100 can then be 
removed. As in the conceptual embodiment, culture diish 1100 
5 is now an "open dish?* >with individual islands of cells not 

obstructed by well chambers or any other material. The 
position of the islands of cells corresponding to each well is 
established using a template (not showQ). A template (not 
shown) is fastened to the outside of the bottom of the culture 
10 : dish llOQ. and is jparkeid in the. fame pattern as the .chamber. . 
wells openings 2324 of well bucket 2320. 

2. Other Applications: 

The removable multi -well chamber device can also be used 
to examine the location of intracellular, antigens. For this 

15 purpose, cells roust be fixed and permeabilized prior to 

incubation with the primary antibody. For example, cells have 
first been fixed in 3.7% formaldehyde in PBS (room temper atur- 
€, 15 min) followed by antibody incubations in the continuous 
"presence of 0.1% saponin (Sigroa) for permeabilization. The 

20 resolution and sensitivity of these methods is comparable . to 

that seen with other immunofluorescence processing procedures. 

In addition to examining binding of different antibodies 
to a single cell type, the removable multi-well chamber device 
can be used to plate different cell types onto the culture 

25 dish after the chamber is assembled. Different antibodies are 

then added to the wells individually, or if a single antibody 
is to be tested with multiple cell types oh one dish, the 
chamber can be "disassembled after plating the cells and the 
antibody added to the dish in "bulk." Since these assays 

30 generally do not require long periods of cell growth, 

sterilization of the parts of the device which come in contact 
with the cells using ethanol is sufficient. Depending on the 
materials used to construct the device, different methods of 
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sterilizatiion could be used* as is well-knovm in the. art. 

The removable aiuTti-well chamber device of this invention 
is useful in a multitude of assays in addition to those 
described above. For example, virus infectivity, or DNA 

5 t»'ansfectivity, is tested by adding virus containing fluids or 

DNA precipitates to the wells of the chamber placed on a 
culture dish containing a particular cell type. Efficiency of 
infection (or trahsfection) is assayed using a fluorescence 
assay for the production of an appropriate marker prdtein. 
: ;.. ;^^t^'^"?*|vely, in situ hj/bri dilation of a v.i^ua.Hy.. labeled .'. / 
nucleic acid probe can be performed. 

Still another use of the removable mult i -well chamber 
device is the examination of bacterial or parasite suspensions 
for the presence of particular antigens by attaching the 
15 organisms to the dish by similar methods to those described 

for animal cells in suspension. The removable roulti -well 
chamber device can also be used to incubate different cell 
populations in small vblumes by assembling the device onto the 
culture dish prior to plating the cells. This is an advantage 
20 in examining isamples in which only small numbers of cells are 

available, such as clinical samples from effusions or periphe- 
ral blood, or for individual clones of cultured cells that can 
be harvested from other culture dishes. 

The device of the present invention can also be used to 
25 allow incubations of small volumes over larger bbiects, such 

as tissue sections or pieces of filter paper that are smaller 
than 6 ram in diameter and are attached to the dish surface. 
Alternatively, other well patterns on larger pieces could be 
used, in which sections or objects larger than 6 iran could be 
30 incubated in larger wells. 

Additionally, because the device of the present invention 
allows the reassembly of wells at a later time in the same 
register as the original well pattern, serial incubations that 
alternate between common versus isolated well steps in a 
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procedure can be performed. Also possible would be the 
Inclusions of patterns that enclosed a subset of the wells in 
a subsequent step; for example, of 60 original Wells incuba- 
ted, a later step could have a well pattern that enclosed 10 
5 wells at a time, allowing 6 different subsequent incubation 
conditions on subsets of the original wells. 

There are many other applications for this type of 
chamber, a device which transiently creates individual small 
wells in a large culture dish, and then can be disassembled 

10 from the dish at a later time. The fo»*egoing description is ■ • 
intended primarily for purposes of illustration. "Hils 
invention may be embodied in other forms or carried out in 
other ways without departing from the spirit or scope of the 
invention. Modifications and variations still falling within 

IS the spirit or' the scope of the invention will be readily 
apparent to those of skill in the art. 
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WHAT IS CLAIMED IS ; 

1. A removable niulti -well chamber device comprising: 

a first member having a substantially rigid planar 
5 surface with a plurality of regularly spaced openings there- 
through; 

a second member having first and second substantially • 
parallel «lastomeric surfaces, said second manber having a 
plurality of regularly spaced openings therethrough extending. 

10 between , said first and Second parallel surfaces, the -first v. 
surface of said second member being roountable to said planar 
surface of said first member, such that the openings in said 
first member are in registration with the openings in said 
second member; and 

15 mean for moving the second surface of said second 

member into and out of sealing contact with a culture surface 
to thereby define multiple isolated wells for receiving 
samples. 

20 2. A removable multi-well chamber device according to 

claim 1, wherein said first member comprises a well member. 

3. A removable multi-well chamber device according to 
claim 2, wherein said moving means comprises an upper plate and 
£5 ia bottom plate. 

4.. A removable multi-well chamber, device according to 
claim 3, wherein said moving means further comprise a means for 
securing a culture dish to said bottom plate. 

30 

5. A removjable mill ti -well chamber device according to 
claim 4, wherein said securing means comprises a fixed pin and 
a movable pin. 
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6. A removable multi-well chamber device according to 
claim 5, wherein said plurality of openings are circular. 

7. A removable mult i -well chamber system comprising: 

5 a plurality of multi-well chamber devices, wherein each 

multi-well chamber device comprises: 

a first member having a substantially rigid planar 
- surface with a plurality of regularly spaced openings 
therethrough; 

10 • * a second member having first and- second 

elastomeric surfaces, said second member having a plurality of 
regularly spaced openings therethrough extending between said 
first and second parallel surfaces, the first surface of said 
second member being mountable to said planar surface of said 

15 first member, such that the openings in said first member are 
in registration with the openings in said second member; and 
means for moving the second surface of said second member into 
and out of sealing contact with a culture surface to thereby 
define multiple isolated wells for receiving samples. 

20 . 

8. A method for detecting the presence of an, antibody to a 

cell component in a fluid compriising the steps of: 

(a) adhering said cell to a culture dish; 

(b) placing and securing the culture dish in the 
25 multi-well chamber; 

(c) engaging the multi-well chamber device so that the 
second surface of the second member is in contact 
with the culture dish surface to thereby create a 
plurality of wells therein; 

30 (d) introducing said fluid to said well of said 

device; 

(e) removing said device from said culture dish; 

(f) incubating in said dish a labelled reagent capable 
of binding to said antibody; and 



; wo 91/09970 




t 



PCr/US90/07545 



-28- 



(g) detecting said antibody by examining said cells 
with a microscope to detect said labelled reagent. 




FIG. 2b 
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